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This mcznornnm gives the ram-jet operating oonditions over a rang.
3f Mach :.u~bor and altitude which must be sinulated during groUnd tents.
Alternative types of pl~ant for this duty are disouaaaed.

Existing and plannud plants in this ountry arnd their individual.
characteristics are doscribed.

The test ranges of those plants are calculated, and typioal w~lue.
* are siamaised, below for a ruu jot operating at an effective fuel-air

ratio of 0.07 vvithout an exhaust no~zzle.
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1.0 Introduction

This tcmor_-ndiu prusenta a new survoy of ram-jot testing plants; it
supersedes the previous work by A. Sharpe and R. P. Probert.

Flight conditions dictate the basic requirements, whioh are sumar-
ised in performance curves.

The weight flow and pressure of the air supply, together with suotion
capacity and other plant characteristics, are given for each plant considered.

Finally, the predicted testing ranges of the various plant are shmn
in graphical form.

2.0 Ground tests required

Ram-jet propulsion systems must be ground tested before flight tests
begin. There are three categories of ground tests:

(a) Combustion chamber tests

(b) Engine tests

(c) Igrition tests

2.1 Combustion cimber tests - connected rig

Figure I i&.ws a diugrzuutic arrangement of a connected rig. A
direct measurement of burner performance is made possible by introducing the
air to the burner duct with zero axial momentum. Three characteristics
define burner perforaancd:

(a) Air-fuel ratios over wich combustion is maintained.

actual air-uel ratio
(b) Combustion efficiency. (Defined as the theoretical drm ratio

at the same air speoii'lo impulse).

(c) Burner pressure loss factor.

Combustion conditions inflight are simla d by reducing the test
cell pressure to just below the choking pressure(M = 1.0) at the ram-Jet
outlet, and not to the corresponding altitude ambleat Pressure.

2.2 Engine tests - free-jet

Figure I shows the free-jet testing layout; the ram-jet intake is
immersed in a supersonic airstream corresponding to the flight onditions.
The diameter of the airstream must be sufficient to prevent any interference
with the internal flow of the intake, which may be set at different angles t
yaw.

2.3 Ignition tests

In the flight of interceptor wval-on ram jets, ignition occurs at speeds
up to a Maoh Number of aplroximately 1.8. During the launching period, flow
oonditions in the ram jet change rapidly; to simulate those conditions on the
test bed requires special equipment which is not yet fully develpe.

WD3WIAL
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At present, ignition tests are carried out in two ways:

(a) On a free-Jet rig at a series of fixed inlet Mach Number.

(b) On a ooraeoted rig at a series of aiflaws and temperatures.

3.0 Perf ormarne requirements

Figures 2, 3,and 4 show the ram-Jet requirements as a function of flight
Mach Number and altitude in terms of the following parameters:

(a) Cobustion chamber air inlet temperature and pressure.

(b) Weight flow in lb. per sac. per square foot of omabustion
chamber cross sectional area.

(a) Exhaust static pressures and total temperatures under
choked conditions. (M = 1.0).

3.1 Assumptions made in evaluating performance requirements

3.1.1 Intake

Intake design is developing continuously, and some perftomance assumption
must be made. The intake recovery assumed here is the theoretical msyinn for
a central body diffuser with a shock system comprising one obliqu and me
normal shook2. For convenience, the values of overall pressure recovezy at
several inlet Mach Numbers are tabulated in Figure 2.

3.1.2 Combustion chamber

The internal drag lose is taken as five times the dynamic ead atIn3let to
the chamber.

The variation in air mass flow with effective fuel-air ratio (%q) is
illustrated by taking two values, namely 0.04 and 0.07.

The curves are presented for parallel sided and nozzle combustionoutlet area aimo . n .. N .~e
chambers; the nozzle have couustt area ratios of 0.8 an 0.6. Nc losses
are assumed in the nozzle.

3.2 Additional requirements for free-Jet testina

Figure 5 shows the variation in bl g pswm se with Iacb N m e sait-
tude for a free-jet nozzle. The nosle inlet temaeabare is given In Fire 2.

3.2.1 Spill factor

The size of a supersonic airstream required to test a ram Jet without
interference to the flow pattern is influenced by the inlet Mach Number and
the amount of air spilled by the intake. Figure 6 indicates the percentage
excess of free-Jet air over ram-Jet air against Mach Number; 8ohlieren
photographs of the airflow around a centre body intake provided the data on
w"iioh the values are based3. This intake had a sed-one argle of aa
lip position angle of 44
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The curves show that for a given intaim flow , the spill factor rapidlymaximum intakL flow

decreascs with increasing Mach Number. The percentage spill factor inoreases
as the intake flow is reduced below its maximum.

Not(. that thu curves are given for a lip angle of 4s, and the sis a

free jet ia aom function of this tnglu. .......... .. ..........

4.0 Influence of ground test requirements on plant speoification

4.1 Air supply temperature

.11l ram-Jet testing plAnt 3hould include air temperature control, to
give the ringe of air tomperature variation met in flight.

4.2 Haidity .flects in suparsonic nozzles

j-uLaidity effects rmy giv. rise to condensation shocks in supersonic
nozzles ; there ire two possible solutions to this problem:

(a) To rLduc- ti.: rojolutQ iuuaiity by drying.

(b) To lov r th,. r:-ltivw hu:,idity by hcating.

, b-tt r soluticr. :z t:.- ,or,_ .conoaic in rn:.-Jct plant.

'i-ur. 7 shiov. tL,: tv:. ,.rvtur .nd ,iAch Nuabor (,,) at which conden-
sation shocks will occur vhzn *,,: oIbsolut h.taidity is 0.006 (average summer
conditions in the 7ritizi. isl.s). For %ix'xl ,, at a supply pressure of six
atmosph res -rnd with -rn i.L.ntrr)7ic co, ir.zsion Affici ncy of say 85 per cent
the coripr.cssor outlut .. pcr tAur, ij 49 °1. Under these conditions a maximum
hinch Numbvr o . i: rct'c.c biur- th onset of condensation shocks.

Table I presents the teaperature corresponding to M, and the flight
temperature for various values of nozzle inlet pressure and flight Mech Number.

T;jLE I

Nozzle Inlet Pressure Flight ,"-.ch No. Flight Temperature Temperature at M0
( t ospheres) OK. oX.

3 2.0 433 410
2.5 487 486
3.0 605 578

6 2.0 495 425
2.5530 506

3.0 605 602

12 2.5 602 528
3.647 624

D1 most cases, if flight conditions are siftilate8, condensation sho
are avoided.

CWTELtL
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4.3 Air supply pressure for ignition tests

An important plant demand is the nd for lguitic tests at apes" v
to Mach Number 1.6; to satisfy this requireuent, a rainimum Woman ratio of
six atmospheres is required.

5eO Alternative types of plant

Ra-Jet plant must meet three different test oanditions. The. we:

(a) Low altitude tests - Figh pressure air to the intake;
atmospheria exhauat.

(b) Medium altitude tests - Intake sir pressure above atmoepheric;
exhaust pressure below.

(c) High altitude tests - Air induced from atmosphere; exhaust
at low absolute pressure.

The various types of plant for the abovc duties are discussed in para-
graphs 5.1 and 5.2.

large supply of -;mtcr is essential to avoid limitation of plant
capacity by inadequate -cooling of the exhaust gases.

5.1 Compressed air supply

The high pressurc air demand is net by three separate types of plant;
they are:

(a) Continuous flou comprasor3.

(b) Discontinuous systen.o. (i.c. storage tanks pumped up by small
oapacity air compress).

(c) .,ir blced jns turbin S.

Pigure 8 illustrntes roughly th. pmer demand for a free-jet test uder
sca level conditions; for example 30,000 horse power is required to give a
jiach Number 1.85 tot with n spill factor of 150 per cent for each square foot
of combustion chivaber nrc ,.

Various kinds of prime mover are used to drive oontinuous flow comres-
sors, the choice is dependent n iaster, electrical power, and running cost
existing on any particulr site.

. way of reducing the power demand is to pump up a storage tank over
a lang period of time, and to let the tank blow down during the test. A
disadvantage lies in the very short testing time available.

Plants exist which bleed off air from jot engines. Gas turbines may
be used in their existing form or they can be modified to increase the
quantity of air bled off at full engine pressure. The two most practicable
methods of increasing thL airflow arc:

(a) Reduction of noshlo guide vamarea to loer the tuxbine
throughput.
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(b) -aduation of nozzle g#uide vae .arc as in (a) together with
"-iiTiigned turbine assembly to cater more efficiently

with the inoruaaed oxpans$n ratio of the bleed ensgine.

Both methods entail structural alteration&, -the formor method is

naturally simpler.

Figure 9 shows the air bleed from an uwnodified "Nene engine and -.

fitted with redesigned nozzle guide vanes as in (a). The latter gives an
airflow of 14 lb./sec. at 4 : I pressure ratio; the corresponding flow for

the unmodified engine is only 4 lb./seo.

Air bleed gas turbine plants are easily and quickly installed, ad they
provide a flexibl, system in that any number of engines may be run together.
Case (a) has higher running costs then those of electrioal plant.

5.2 Exhausting plant

Th.r-. irv two typts of exhausting plantt, they are:

(a) Suction pum;s

(b) Air or st,-afa opcritcd cjL-tors

For bigh mass flcvs sucticn vpwips .rc usually axial or centrifugal
Compressors; curtain spcil machin~a such as the Nash Ijtors exist, but
these are mainly uscd for smll airflows.

Suction pumps require cxpcnsive cooling plant to cool the exhaust
gases in order to obtain a reasurablu..working temperature and a low specific
volume.

The compressors used tc provide. tth- high pressure air oan themselves be
used as exhausters, however, thisa rrangemcnt may present diffioulties with
the matching of thQ blowing and exhausting capacities.

A solution to the matching problcn is to use the high pressure air as
the driving fluid in .an air ejector. Proheatin, and subaequient cooling of
the ejector driving fluid by water injoction increaces the tot:.l output frm
the ejector.

Because they use an existing supply of air, ejectors have a low capital
cost; their running costs however, are much higher than those for suction
pumps, especially when preheater fu(l oharges Are irluded.

Figure 10 shows the relative performance of exhausters and air driven
ejectors for both the normal and stein boosted oases. Using a compressor to
deliver high pressure air at six atmospheres in an ejector giws a higher
airflow throughput over a range of pressures approximately 6.5 - 30 inches
Hg. as compared with the same compressor used as an exhauster; below 6.5
inches Ng. the suction pump is thc better machine.

Ejectors may be staged in series when it is necessary to operate at
very low presoures. Steam can be used to drive an ejector when a large water
supply is avolable; it offers a bctter driving fluid wha th eJeators ame
staged ns the steam can be condensed out between stages.. liuna&y a @e4ift-
tion of air or steam ejectors with suction pumps is possibleo

WWFIUifAM
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6.0 3xistig and planned testing facilities in the Aniastry of 8apiD1y

6.1 Hercules - Nash Hytors - L.FA. plant at R.A.E.

The plant at R.A.S. combines earlier existing plant with the Volojnrde
(L.F.A.) high altitude plant which was brought from Germsy. The main nee mnt
of this plant are:

(a) Air drZIM equipment -

(1) Btterly air drier (2 machines)

(2) L.F.A. air drier (i machine)

The whole plant is distinguishtd by its air drying capabilities which
enable a weight flow of 27 lb./sec. to b, dried down to a moisture content of
0.0005 lb. per lb. of air.

(b) Compressing e uipmcnt

Hercules anro e:nginc zuperchzrgcrs (7 mnchines)

The blower3 are lcctrically driven; inlct air is drawn either from
the driers or from ,tmosphere. Tablc 2 gives the perfornnoc of one machine,
the oumbined performane of seven mnchincas is not yet Availablo,

T-9LE II

Heroulca Corprcsoar P rformnnco

Delivery Pressure Weight Flow Delivery Teop.

(lb./in. 2 abs.) (lb./sec.) OK.

19.5 2.5 325

26.4. 3.5 360

29.1+ 4.0 3 375

36.3 5.1 400

(a) Sction equiptxnt

(1) Nnsh Hytors suction pumps. (14 machines)

(2) L.F.a. suction pullps. (3 machines)

The L.P.A. plant, consists of three pumps each having four stages;
two machines can be run independently or in parallel with each other, while
the third is run in series with the first two in order to reach the lowest
suction pressures. Table III presents the perfomranoc of the combined Nash
Bytr and L.F.A. plants.

00I9mIM AL
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Peformance of the combined Nash IMtor and L..A.
Suction Plants at R.A.S.

Suction Pressure Dry Weight Flow Saturated Weight Flaow Inlet Temp.

(Inches Hg. abs.) (lb./ec.) (lb./eo.) ex.

20 38.0 33.75 313

10 22.4 17.25 313

8 18.5 13.9 305

6 14.5 11.2 303

4 10.5 6.7 303

2 4.25 1.5 303

Note that the inlet temperature is controlled by cooling the exhaust
gas; at high weight flow thert is only eufficient water to cool down to 400C.,
while it is possible to reach 30°C. at low flow.

At the moment the rlant is used to run six inch connected tests under
altitude conditions. By the middle of 1953 two further test oells will be
available, mainly for frez-Jtt testing.

6.2 Old Site test plant at N.G.T.E.

(a) Caressing plant

(1) D.T.H. compressor (I machine)

(2) "Nene" air bleed gas turbines (5 machines)

The British Thomson Houston coppressor is a 4,000 H.P. eloctrically
driven four stage centrifugal machine; it has a wide range of speed control
through a Wnrd-Leonard set.

An aftercooler controls the temperature between 500 - 1900C. Table IV
presents the perforaanoe details for two rotor speeds:

ODNPTDIAL
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T~& IV

Performance of .3.TH. Cmpressogr at N.G.T.I.

Rotor Speed Delivery lw Patio eight Flow .D ..

R.PM. ielver PrSS~C b4@ (lb./soo.) O'K. _(without oooa")

4.3 23.5 190

4.0 25.3 190

0(5 28.0 190

3.0 29.7 190

S3.3 18.2 160

700 "I3.0 21.2 16o

2.5 24.2 i6oILL

The air bleed gas turbincs have redcsigned nozzle guide vancs as dis-
cussed in Section 5.1. Th, characteristics are shown in Figure 9.

Five air bleed engins are installcd, it is usual to run three miohines

leaving the otrrs 3s spn_ s.

(b) Suction plant

Th,' suction plant consistz of tvo nir ejectors; one is used for six
inch _iameter conn, tctd t.-ts only :;nd is not fitted with a prchcater, the
larvtr tJector is fitted with n preheater to boost the driving flow. Desig
details of the lnrga ejector are b .sd on the results of experiments on a
model 5 .

Table V prescnts the perfor,-ince:

TZ,-LE V

Perform:nce of the Old Site Bjeotor at-I.G.T.B.

Suction Prssur Ieight Flow Inlet Temp.
(Inches lig.) (lb./scc.) OIL

25 42.0 373

20 33.0 373

15 21.0 373

12 10.0 373

O04FIItU L t



-13 - Memorandum No L163

Note that the weight flow includes water vapour left in the .0aUtw bY
the oooliog process.

The above plant can bu used to run five test rigs, they are:

(a) Up to i6 inch diameter ram-Jets, sea-level conneted rig
tests.

(b) Up to 16 inch diameter ram-Jets, sea-level free-Jet tests.
(i = 1.45).

(o) Up to 16 inch diameter ram-Jets, altitude connected rig
tea to.

(d) Free-Jet teats on small diameter high speed intakes.
= 2.0).

(e) Up to 6 inch diameter ran-Jets, sea-level and altitude

connected rig tests.

6.3 Proposed new plant at N.G.T.E.

A new ram-Jet test plant is now almost completely designed. This
plant is to be sited near the new gas turbine laboratories at N.G.T.S. where
it can take advantage of a 14,000 H.P. steam turbine power supply.

The plant is to ?nve an airflow capacity of 200 lb./sec. at 6 1
compression ratio. It is intendcd that this air should be supiied from two
similar etropolitan Vickers axial flow compressors of 60 lL./sec. capacity
each, and from an aircraft comprcsscr driven by a 14,000 H.P. steam turbine.

Figure 11 shows the Flant layout. It will consist of four air ducts
from the compressors which are to f ed either of two twelve foot diameter
metal test cells; one for froc-Jet, the other for connected rig testing.
Under sea-lcvel conditions, the cells will exhaust direct to atmosphere
through silencers; when altitude tcsts are required large doors will close
the exhaust ends and the cells will be exhausted by thC UC1tion plant.

The suction plant will consist of four similar ejectors fitted with
preheaters. The choice of four instead of one ejector should give a flexible
arrangement; under reduced airflow conditions a saving in running cost in
possible because the number of eJectors can be arranged to match the test
conditions, alternatively the air preheaters may not be used.

The temperature of the incoming air is to be controlled by coolers
fitted in the delivery lines of the two axial ccmpressors and by a 3,000 K.
heater which will give inlet air heating up to. 350C.

The plant will include certain new features and use Aw teolmniqm
these are discussed in an Appndix.

7.0 est plants in industry

7.1 The ristol Aeronlana Oo .

Oopressnm plant

"Proteus" aero engine compressors (3 machines).

O0?UID AL
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The oVlisaaor are electrically driven; they give a total flow of
120 lb./s., at 6 : i cowpreasion ratio. This air supY feeda foir test
beds, one o' these in to be fitted with an air ejector.

The ram-Jet airflow can be boosted by an inducing nozzle for mdilum
altitude connected tests; normally 12 lb./sec. at 6 ; i pressure air i used to
induce extra air from the atmosphere. The pressure aii44 t mtuprau of b. .
resultant mixture depends upon the amount of air that is iMuced.

7.2 D. Napier & Son Ltd.

At Liverpool, thcre is a steam turbine power supply of 10, 0 0 0 H.P.
which could be used to run suitable compressor equipent.

The existing plant is:

(a) Reavell compressors

Two machines supply a total flow of 33 lb./leo. at a 7 : i pressure
ratio and 4780 K.

(b) Reavell xhnusters

Three [machines-crn suck 33 lb./sec. down to a pressure of 8 inches Hg.
abs. at in inlet tcraperitur of 367)..

(c) Coolinr plant

Exhaust coolers are fitted ahich can cool 33 lb./sec. from 12000 to
3730K. witth I lb./in.2 pressur dror.

t the moment this lant is not used for ram-jet testing.

8.0 Estimated range of txsts

The curves of the free-Jet test range are given in all cases for a six
inch diameter ram-Jet operating at an effective fuel : air ratio of 0.07 with-
out an exhaust nozzle. An estimate of th- individual test plant capacities
is therefore possible.

A spill factor of 100 per cent is taken in determining the ejector
perTormance in the free-Jet case; this performance is taken from model test
results 6 .

No pressure recovery is assumcd at the ram-Jet exhaust in the deter-
mination of suction plant capacity; the range of tests prosented can there-
fore be regarded as a minimum. Howcver, if some pressure recovery is achieved
by means of diffusers, tho puoping pressure ratio required of the plant is
reduced for given ram-Jet exhaust conditions.

In the case of the ejector plant, the ram-Jet exhaust is assumed to
be cooled down to 1000C. by water injection; in the curves the airflow
capacity is reduced by the quantity injected, for example, when the ram-jet
is operating at the effective fuel-air ratio of 0.07 the mixture pumped by
the ejector consists of 47 per cent dry steam and 53 per cent air.

00wNPIhL
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8.1 R~..B Plant

8.1.1 Free-Jet tests

Figure 12 shows the range of tests; the variation of airflow require-
ment with altitude for the six inch ram-Jet under sore spill conditions Is
drawn for a series of Aaoh Nmbers. The inlet air supply pressure determines
the altitude at which a given Mach Number is obtained, hence a limiting pres-
sure line is superimposed on the Mach Number curves. Abov, this line a ram-
Jet cannot be tested as there is insufficient pressure ratio available.
Also shown is the limiting line fixed by the exhaustor oapaoity. Por the six
inch rw.-. Jet considered the exhaustor airflow line lies above the driving
pressure limitation line. The difference in airfow between the exhatter
limit and the working point determines the spill faeor. There is no effective
limit on the high preesure airflow.

3xaasnle

Kach Number 2.2, altituJe 40,000 ft.

From curve: 4irflow rcquirec = 3.6 lb./seo.

Exiinust,r limit : 10.4 lb./seo.

Spill factor nvailable is 190 per cent.

It can be seen that reasonable spill factors can be malntaied for Mach
Nunbers up to 2.4. Shen exhaust nozzles are used the air demand is less and
the spill factor is increase,.

8.1.2 2.;onnctc.2 tests

Figure 12 also shs;s the rang cf connectei. rig tests at three equiva-
lent flight speeds, narmly i. = 1.5, 2.0 and 2.5.

it a given i.iach Nuwber, the range of altitude is governed, on the one
hand, by suction plant capacity at the ran-Jot exit throat pressure corres-
ponding to the simulated altitude, (see Figure 4), and on the other by the
compressing plant supply pressure. The Mach Number determines the altitude at
which a given exhaust pressure is attained. For this plant there is also a
cooling water limitation which limits the airflow to approximately 20 lb./seo.
for an effective fwl/air ratio of 0.07.

The size of ram-jet that can be tested s deteimined with the aiA Ct
Figure 3.

Eample

Aach Number 2.0, altitude 70,000 ft.

Figure 12 gives an approximate available flow = 4.5 lb./seo.

Figure 3 gives a required airflow of 3.6 2b./Nm. per saqr. foot.

Diameter = 15.0 inches.

00~n~mllz.
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8.2 N.G.T.E. Old Site plant

8.2.1 Frue-Jet tests

Figure 13 shows the range of tests, which is presented in a similar
manner to that of Figure 12 and described in paragraph 8.1.1. The air pros
sure available enables a each Number of 1.5 to be attained under sca-leal. .

-conditions; to.obtain a Mach Number of 2.0 it in necessary to reduce the
ambient pressure to that corresponding to an altitude of 20,000 ft. Ibder
the latter conditions the spill factor is approximately 63 pe Oent-e in a
6 inch diameter ram-jet.

8.2.2 Connooted tests

The plant provides the following test conditions:

(a) Combustion chamber exhaust at atmospheric pressure or above.

(b) Combustion chamber prcssure below atvaospheric.

For (a) the available w7ight flow is sufficient to test 16 inch diameter
chambers, the range of t-sting can be determined from Figures 2 and 4.

The test range for-conditjon (b) io shown in Figurc 13 for three flight
speeds. Typically, a 14 inch diametor chamber can be tested at a simulated
flight condition of ! = 2.0 an2 an altitude of 55,000 ft.

8.3 N.G.T.B. New Site plant

8.3.1 Free-jct testz

The main features ol the planned nlew site plant will be the higher
Mch Number and greater mass flows at sij;,ilar Mach Numbers compared with the
plants previously described. A .. nci. :;umber of approximately 2.9 will be
possible at a sj.ill factor of 100 p-r ccnt. -t lower iiach Numbers it will be
possible to test larger ram-juts. Figure 14 shows that a spill factor of
490 per cent will bc available for a six inch ram-Jet operating at M = 2.2
at 30,000 ft.; wore realistically, by reducing this factor to say 100 per cent
the ram-Jet diameter could be increased to ten inches. With a further reduc-
tion in spill factor to 50 per cent a thirteen inch diameter ram-Jet could be
tested At flight conditions corresponding to hi = 2.2 at 25,000 ft.

Similnrly with a reduction in spill faoto to 25 per cent a 15.65 inch
diameter ram-Jet with a 20 per cent exit restriotor could be tested At the
same flight condition.

8.3.2 Connected tests

Figures 14 and 15 show the range of tests for combustion chamber inlet
pressures above and below ^.tmospheric respectively.

When the exhaust pressure is atmospheric or above, a total airflow of
200 lb./sec. will be available; this will test thirty inch diameter combus-
tion chambers. For oonvenience, the duct size that can be tested at U a 2.0
is given in Table VI.

L
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Duct Diameter Altitude Remarks
(Inches) (eet)

24 60,000 Inlet and extauiat pwUUwe beow ...
atmospheric

29 50,000 Inlet and exhaust pressure below
rcatmospheric

24 40,000 Inlet pressure above, exhaust
pressure below atmospheric

26.5 30,000 Inlet pressure above, exhaust
pressure below atmospherio

8.4 3ristol ,lant

Th 6 1 pressur.2 ratio air supply allows free-jet tests to be carried
out up to i..ach 11bcrs of approxirnttly 1.7 at sea-level conditions.

Combustion cw.,bers of up to 42 inch diameter can be tested with the
maximum flow capacity of 120 lb./"c.

No estimnte can be made at present of the altitude test range owing to
the uncertaintiCs in d~sign of the proposed suction plant, but the potential
of the plant is everywhere thrCL-fifths of the figures quoted for the N.G.T.J.
New Site plant as t-is is the ratio of thc air flows.

8.5 Comparison of plant utility in different types of tests

Figure 16 illustrats the size of ram jet which can be tested under
various conditions assuming an air supply at 6 : I pressure ratl. The dia-
gram assumes the use of preheated air ejectors for producing vacuu conditions
where necessary.
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Special Features of Planned New Site Plant at N.GTT

( Speed o operation

Because the running costs of the plant are high, the design aims
especially at rapid opratiun. Fcr example, a change in anglo f free-jet
nozzle (angle of yaw) cnkn :,c madc without shutting down the plant. Photographic
recording of all instrurncnts is to be used.

The doors of tht tcn: 02110 nrr tu be operated by remote control to
allo- a qoick changeov r Ir-in sca-lvel to altitude exhaust ocrditons. The
cjtctor starting cycle ;ill bt semi-nutotatic, and full load oonditions should
be rcachtd in apfrox:intcly three minutes.

(B) Thrust installation

The range of thrust A:c.suracrnt is from I ,000 to 30,000 lb. It is
desirablc tc uso th: same ecuipi,.nt to test over the whole range; consequently
the friction loss must net ,-2 XdL tcn lounds (I per ccnt of 1,000 lb.). A
final choicc of susptnsion arrange-c.nt is not yet made.

Thrust will be measured hydraulically by three instruments of different
range and interchangeable durir4 running.

(C) Ignition test equi-mnent

Realistic ignition trials de-mand that the velocity of the inlet air to
the ram-jet increases rapidly with lime. To fulfil this duty, two 48 inch
diameter butterfly valves are to bc installed in th- in 't pipes to the test

cells. (Figure i ). The, valves %;ill bc interconnected to wcrk simultaneously;
one valve will open as th other osoes. In this way the air can be switched
at a controlled rate from a bypass circuit to the test cell. The rate of
opening of the valve determines the weight-flow against time rclationship.

0ONFIDE1NIAL
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CONFIDENT IAL FIG. 5
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CONFIDENTIAL FIG. 6

SPILL FACTORS FOR CONICAL
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CONFIVENIAL FIG. 8
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CONFIon.AL FIG. 10

COMPARISON OF EJECTORS AND SUCTION
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0CONFIDENTIAL FIG. 13
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CONFIDENTIAL FIG. 16

COMPARISON OF RAM-JET SIZES

FOR DIFFERENT TYPES OF TESTS
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